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Convenient synthetic routes to the endo-5,6-trimethylenenorbornanones, the 8- (11), 9- (I), and 2- (111) ketones, 
were explored. The selective hydrogenation of endo-dicyclopentadiene over nickel boride affords pure endo-S,6- 
trimethylene-8-norbornen. Hydroboration of this olefin, followed by chromic acid oxidation, yields a mixture 
of I and 11, which can be cleanly separated by taking advantage of the finding that I selectively forms a bisulfite 
addition complex. Oxymercuration-demercuration of endo-dicyclopentadiene led to essentially pure 2-alcohol 
product, the 8- and 9-alcohol products being absent. Hydrogenation of this alcohol, followed by oxidation, gives 
pure 111. 

As a part of our studies of the stereoselectivities in- 
volved in the reactions of rigid bicyclic and related 
compounds, we undertook to examine the endo-5,6- 
trimethylenenorbornane system. a For this purpose 
we required relatively large quantities of endo-5,6- 
trimethylene-9-norbornanone (I), endo-5,6-trimethy- 
lene-8-norbornanone (11), and endo-5,6-trimethylene-2- 
norbornanone (III).4 

I I1 III 

On examining the literature, we found that the syn- 
thetic procedures for these ketones are not really satis- 
factory. The described procedure for I required a 
number of steps and the yield was not specifieda6 
Similarly, the previous methods for preparation of 116 
and IIP7 involved a number of steps and/or gave poor 
yields of products of varying purities. Consequently, 
it was decided to  explore more convenient routes to 
these ketones. 

Results and Discussion 
endo-5,6-Trimethylene-8-norbornanone (11) and the 

9 derivative (I) were prepared by the procedure shown 
in Scheme I. 

Selective hydrogenation of endo-dicyclopentadiene 
in a Brownn hydrogenators using nickel boridegt10 as 
catalyst gave a 90% yield of endo-5,6-trimethylene-8- 

(1) Postdootorate research associate, 1963-1965. 
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norbornene (IV) of 98.5% purity. Hydroboration" 
of IV followed by chromic acid oxidation of the alkyl 
boron compounds12 yielded a 40: 60 mixture of I and 11. 
It was found that I quantitatively forms an insoluble 
bisulfite addition complex, while I1 is completely un- 
reactive toward sodium bisulfite. The failure of I1 to 
form a bisulfite addition complex is probably the re- 
sult of interference by the endo-&hydrogen. This is 
analogous to  the behavior of certain steroid ketones, 
where the angular methyl group also can prevent the 
formation of bisulfite addition c0mp1exes.l~ Similarly, 
2,2,4-trimethylcyclopentanone fails to form a bisulfite 

(11) G.ZweifelandH.C.Brown, Org.React . ,13,  l(1963).  
(12) H.C.BrownandC.  P. Garg, J .  Amer. Chem.Soe.,88, 2951 (1961). 
(13) R.  L. Clark, J .  Ore. Chem.,28,2626 (1963). 
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addition complex because of steric repul~ions.1~ I and 
11, thus separated, were found to be better than 98% 
pure. 

In our search for methods of separation of the 8- and 
9-ketones, one other facet of investigation appears to 
be of interest. Owing to  the differences in the steric 
environment of the 8 and 9 positions, it  appeared 
possible that partial oxidation of a mixture of exo-8- and 
exo-9-alcohols might provide a means of separation 
through selective oxidation of one isomer. The relative 
rate of oxidation of the 9-alcohol to the 8-alcohol turned 
out to be 2.1, which is apparently too small to serve the 
present purpose. The observation that the oxidation 
of the exo-9-alcohol is significantly faster than that of 
the more hindered exo-8-alcohol is puzzling in view of 
the fact that the more strained alcohols generally 
undergo more rapid oxidation.15 

The first step of the synthesis of endo-Z16-trimethy- 
lene-2-norbornanone (111) involves the conversion of 
endo-dicyclopentadiene to a mixture of 8,9-dehydro and 
9,lO-dehydro derivatives of endo-5,6-trimethylene-exo- 
2-norbornanol (V) . 

v 

hydroboration to achieve this We init'iallv utilized 
monohydration. However, this reaction was not selec- 
tive, the product being 37% V and 63% of 8- and 9- 
hydroxy derivatives. Severtheless we could quantita- 
tively isolate V from this mixture by extracting ether 
solutions of the 8- and 9-alcohols with aqueous silver 
nitrate solution. It was found that endo-5,6-tri- 
methylene-2-norbornen-ezo-8-01 or the 9 derivative 
readily forms a silver ion complex, while V is essentially 
unreactive toward silver ion.16 

It was later found that the above conversion can be 
carried out cleanly with both high stereospecificity and 
high yield by means of oxymercuration-demercura- 
tion.lQ Treatment of endo-dicyclopentadiene with 
mercuric acetate followed by reduction gave pure V in 
89% yield. 

Hydrogenation of V was performed according to  the 
previously described procedure using a Brownn appara- 
tuss to obtain endo-5,6-trimethylene-ezo-2-norbornanol 
in 94% yield. This alcohol was then oxidized utilizing 

(14) F. G. Gault  and J. E. Germain, Bull. Soc. Chim. Fr., 1365 (1959). 
(15) For  kinetic studies of oxidation of norbornyl and related alcohols, 

see I .  Rothberg and R.  V. Russo, J .  O r g .  Chem., 82, 2003 (1967); I .  Roth- 
berg, Chem. Commun., 268 (1968). 

(16) The equilibrium constant for the silver ion complex formation of 
the 8- and 9-alcohols in the present system, K = [ o o m p ~ e x ~ n ~ o / [ ~ g + ~ ~ ~ o -  
[Olefinlether was found to  be 10 l./mol a t  25O. Previous studies in this area 
showed tha t  norbornene forms a silver ion complex more readily than cyclo- 
pentene, bu t  the difference was found to  be small." The difference observed 
for the  compounds under consideration is large enough to  enable a quantita- 
tive separation. This may be due either to changes in structural varia- 
tiona, such as changes in bond angles caused by the introduction of the tri- 
methylene bridge18 or to differences in solubility in the aqueous phase. 

(17) J. G. Traynham and M.  F. Sehnert, J .  Amer. Chem. Soc. ,  7 8 ,  4024 
(1956); J. G. Traynhamand J. R .  Olechowski, i b i d . , 8 1 ,  571 (1959). 

(18) It is known tha t  introduction of substituents induces distortion of 
the norbomane structure: C. Altona and M. Sundaralingam, ibid., 92, 1995 
(1970). 

(19) H. C .  Brown and P. Geoghegan, i b id . ,  89, 1522 (1967). 

the modified procedure developed in this laboratoryz0 
to  obtain a high yield of pure endo-5,6-trimethylene-2- 
norbornanone (111). The synthetic route to  111 is 
summarized below. 

"'% % "4 iYa,Cr,O. H>SO, 

v 

0 4 
111 

Experimental Section 
Glpc Analyses.-All analyses were carried out on a Perkin- 

Elmer Model 226 with use of a 150 ft X 0.01 in. Golay column 
coated with Carbowax 20M or UCON LB550X. 
endo-5,6-Trimethylene-8-norbornene (IV).-Purified endo-di- 

cyclopentadiene (407 g, 3.08 mol) was dissolved in ethanol and 
submitted to selective hydrogenation in a Brown0 hydrogenatora 
using nickel boride as catalyst .gJo  After the theoretical amount 
of hydrogen had been taken up, 200 ml of acetone and 2 g of 
carbon (Dacro K-B) were added to the reaction mixture and 
suction filtered through Celite. The solvent was removed and 
the residue was distilled a t  atmospheric pressure, bp 178-180', 
mp 48.8-50' (lit.21 mp 50-51"), yield 370 g (907c). Analysis on 
Ucon LB55OX showed 98.5% purity. 
endo-5,6-Trimethylene-9-norbomanone (I) and endo-5,6-Tri- 

methylene-8-norbomanone (II).-To a well-stirred suspension 
of 17.0 g (0.450 mol) of sodium borohydride in 500 ml of tetra- 
hydrofuran (THF) containing 134 g (1.0 mol) of endo-trimethy- 
lene-8-norbornene was added 85.2 g (0.60 mol) of boron tri- 
fluoride etherate dissolved in 100 ml of THF over a period of 1 
hr under a nitrogen atmosphere. The reaction mixtue was stirred 
for an additional 2 hr a t  room temperature and then the excess 
hydride was decomposed by careful addition of water. A chromic 
acid solution, prepared from 220 g (0.738 mol) of sodium di- 
chromate dihydrate and 165 ml (2.948 mol) of 96% sulfuric acid 
and diluted to 1000 ml with water, was added to  the stirred 
solution over a period of 2 hr while the temperature was main- 
tained a t  15-20'. The reaction mixture was stirred vigorously 
for an additional 2 hr a t  room temperature, and the aqueous phase 
was separated and washed with two 200-ml portions of ethyl 
ether. The combined ethereal solution was extracted with three 
100-ml portions of saturated sodium carbonate, dried over 
magnesium sulfate, and condensed to ca. 200 ml. Analysis on 
Carbowax 20M showed the presence of 60% I1 and 40Yc I. To 
this solution 200 ml of ether and 300 ml of saturated aqueous 
sodium bisulfite were added and the mixture was stirred for 48 
hr . Analysis showed that the ethereal solution contained I1 and 
I in a ratio of 97: 3. The mixture was filtered and the precipitate 
was washed well with ethyl ether, the washings being added to the 
filtrate. The ethereal layer of this filtrate was separated, dried 
over magnesium sulfate, and distilled, affording 52 g (3570) of 
endo-5,6-trimethylene-8-norbornanone (11), bp 132-134" (17 

(20) H. C. Brown, C .  P. Garg, and K.-T. Liu, J .  Ore. Chem., S6, 387 
(1971); H .C .BrownandC.P .Garg ,  J.Amer .Chem.Soc . ,88 ,2952 (1961). 

(21 )  K. Alder and G. Stein, Justus Liebigs Ann. Chem., 485, 223 (1931). 
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mm), mp 94-97'. Analysis showed 95% purity, 2y0 being I and 
3Y0 lower boiling unidentified materials. Recrystallization from 
pentane gave mp 98-99' (lit.7& mp l o l o ) ,  semicarbazone mp 
200-201" (lit. 7p mp 200'). The precipitate, which had been set 
aside, was added to a mixture of 300 ml of saturated aqueous 
sodium carbonate and 200 ml of ethyl ether and stirred vigorously 
until solution had occurred. The ether layer was separated and 
the aqueous carbonate layer was extracted with two 50-ml ether 
portions. The ether portions were combined, dried over magne- 
sium sulfate, and distilled to yield 42 g (287,) of endo-5,6-tri- 
methylene-9-norbornanone (I), bp 132-134" (20 mm), nip 10.5- 
105.5", semicarbazone mp 214-215", dibenzylidene derivative mp 
191-191.5" (lit.6 semicarbazone mp 215', dibenzylidene deriva- 
tive mp 191'). A n d  Calcd for CIJHI~O: C, 79.96; H,  9.39. 
Found: C, 80.16; H ,  9.57. 

Relative Rates of Oxidation of endo-5,6-Trimethylene-exo-9- 
norbornanol and the Exo-8 Isomer.-A mixture of alcohols con- 
sisting of 9.75 mmol of endo-5,6-trimethylene-ezo-9-norbornanol 
and 15.25 mmol of endo-5,6-triniethylene-ezo-8-norbornanol, ob- 
tained by hydroboration of endo-5,6-trimethylene-8-norbornene, 
was treated wth 5OyG of the theoretical amount of chromic acid 
using the previously described procedure.2° At the end of the 
reaction glpc analysis revealed that there remained 3.85 mmol of 
the 9-alcohol and 9.90 mmol of the 8-alcohol. According to the 
given procedure,22 the rate of oxidation of the 9-alcohol relative to 
that of the 8 isomer was calculated to be 2.1. 

8,g-Dehydro- and 3,10-Dehydro-endo-5,6-trimethylene-exo-2- 
norbornanol (V). Method A .  Hydroboration of endo-Dicyclo- 
pentadiene.-To a well-stirred solution containing 198 g (1 .5  mol) 
of endo-dicyclopentadiene in 250 ml of THF was added under a 
nitrogen atmosphere 167 ml (1 mol of hydride) of 1 2' diborane 
solution in THF.  The solution was allowed to become hot owing 
to an exothermic reaction. After addition was complete, the 
reaction mixture was stirred for 3 hr, and then 150 ml of 3 S 
sodium hydroxide was added, followed by the slow addition of 
150 ml of 30% hydrogen peroxide, and stirred for 8 hr. The T H F  
layer was salted out by adding potassium carbonate and sep- 
arated. The aqueous phase was extracted with ether and the 
combined solution was dried over magnesium sulfate before the 
solvent was distilled off. The residue was distilled to give 7 2  g 
(0.55 mol) of the starting material, bp 70-75' (18 mm), 96 g 
(0.64 mol) of a mixture of nionoalcohols, bp 124-130" (15 mm), 
and higher boiling diols. Snalysis of the monoalcohol showed the 

(22) R.  Stewart, "Oxidation Mechanisms," W .  A. Benjamin, New York' 
N.  Y., 1964, p 39. 

presence of 37y0 2-alcohol (V). A 1 M ether solution of this 
mixture of monoalcohols was extracted three times with a I M 
silver nitrate solution using 2//3 the volume of silver nitrate each 
time as the total volume of ether solution. The aqueous portions 
were extracted once with ether and then back extracted once with 
silver nitrate solution. The combined ether solution was washed 
once with water and then dried over magnesium sulfate. The 
ether was distilled off a t  a reduced pressure to give a quantitative 
recovery of V. 

Method B. Oxymercuration-Demercurationlg of endo-Di- 
cyc1opentadiene.-Mercuric acetate (63.7 g, 0.2 mol) was dis- 
solved in 200 ml of water and 200 ml of THF,  and to the result- 
ing yellow solution was added with stirring 26.4 g (0.2 mol) of 
endo-dicyclopentadiene. After the yellow color disappeared the 
mixture was stirred for an additional 10 min and cooled to ca. 
- 10'. To this solution was added successively 200 ml of cold 3 N 
sodium hydroxide solution and 200 ml of cold basic sodium boro- 
hydride solution (0.5 -If in borohydride and 3 S in sodium 
hydroxide). The mixture was stirred until mercury settled and 
the aqueous layer was separated and extracted with hexane. 
The combined organic solution was dried over magnesium sulfate 
and the solvent was removed under a reduced pressure. Analysis 
showed the presence of 91y0 alcohol and 9% acetate. The 
residue was then treated with lithium aluminum hydride in THF 
in order to reduce the small amount of acetate and, a t  the same 
time, to reduce any residual mercurial products which were 
found to interfere with the catalytic hvdrogenation. The final 
product 'cvas isolated in the usual manner. Analysis showed that 
the reaction proceeded to the extent of 89.5%, the product being 
practically pure 2-alcohol (V).  
endo-5,6-Trimethylene-exo-2-norbornanol.-The mixture of 

8,g-dehydro- and 9,10-dehydro-endo-5,6-trimethylene-exo-2-nor- 
bornanol (V) was reduced according to the previous procedure.8 
The product was recrystallized from pentane, mp 81 .5-82.0' 
(lit.7b mp 80.5-81.5"). 
endo-5,6-Trimethylene-2-norbornanone (III).-endo-5,6-Tri- 

methylene-ezo-2-norbornanol was oxidized with use of the 
modified procedure developed in this laboratory.20 The crude 
product, obtained in 95% yield, was essentially free of the start- 
ing material as shown by glpc analysis. The product was purified 
by sublimation, mp 102-104" (lit.7b mp 97-103'). 

Registry No. -1, 19138-60-4; 8,9-dehydro-V, 36807- 
74-6; 9, 10-dehydro-Vi, 36807-75-7 ; endo-dicyclopenta- 
diene, 1755-0 1-7. 
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A series of meta- or para-substituted phenylglyoxals, including H, p-CH3, p-OCHa, p-Br, p-C1, p-phenyl, m- 
OCH,, p-NOz, and p-OH, were examined for linear free energy relationships between chemical reactivity and sub- 
stituent constants, and between chemical reactivity and carbonyl stretching frequencies of the ketone and alde- 
hyde carbonyls. Bt pH 12, the hydroxide ion catalyzed disproportionation of the phenylglyoxals into the cor- 
responding mandelic acids follows the Hammett relationship with p 2.0, indicative of a transition state stabilized 
by electron-withdrawing groups. These rates of disproportionation also correlate quite well with the carbonyl 
stretching frequencies of the ketone carbonyls, both for the hydrated and the anhydrous phenylglyoxals. The 
aldehyde carbonyl stretching frequencies are essentially independent of ring substituents, VC=O 1727 f 2 cm-'. 
The disproportionation of a-keto aldehydes is known to involve intramolecular hydride migration. The results 
of the present study suggest that hydride migration is the rate-determining step in the disproportionation of this 
series of substituted phenylglyoxals. 

The glyoxalase system is composed of two enzymes: 
glyoxalase I, which utilizes glutathione (GSH) as co- 

(1) (a) This work was supported by U. 8. Public Health Service, National 
Cancer Institute (1R01 CA 11850-Ol), and U. S. Atomic Energy Commission 
under Sandia Corporation Contract 51-1985. 4 n  equipment grant from 
Research Corporation IS also gratefully acknowledged. (b) A preliminary 
report of this work was presented a t  the Southwest Regional Meeting of 
the American Chemical Society, San Antonio, Tex., Dec 1971. (c) Address 
correspondence to  this author a t  the Department of Biochemistry, Uni- 
versity of New Mexico School of Medicine, Albuquerque, N. M. 87106. 

enzynie and catalyzes the disproportionation of methyl- 
glyoxal into the thiol ester of lactic acid and GSH, and 
glyoxalase 11, which hydrolyzes this thiol ester to 
regenerate GSH and liberate lactic a ~ i d . ~ ~ ~  Scheme I 

(2) E. Racker, J. Bid .  Chem., 190, 685 (1951). 
(3) Review article on glutathione and the glyoxalase system: W. E.  Knox 

in "The Enzymes," Vol. 2,  P. D. Boyer, H.  Lardy, and K .  Myrhack, Ed., 
Academic Press, New York, N. Y., 1960, p 253. 


